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ABSTRACT 
  In  the  coalition  forces,  users  are 
increasingly  challenged  with  the  issues  of 
information  overload  and  correlation  of 
information  from  heterogeneous  sources.  
Users  might  need  different  pieces  of 
information, ranging from information about a 
single building, to the resolution strategy of a 
global conflict. Sometimes, the time, location 
and  past  history  of  information  access  can 
also shape the information needs of users. 
  Information  systems  need  to  help  users 
pull  together  data  from  disparate  sources 
according  to  their  expressed  needs  (as 
represented by system queries), as well as less 
specific criteria. Information consumers have 
varying  roles,  tasks/missions,  goals  and 
agendas,  knowledge  and  background,  and 
personal  preferences.  These  factors  can  be 
used  to  shape  both  the  execution  of  user 
queries  and  the  form  in  which  retrieved 
information  is  packaged.  However,  full 
automation  of  this  daunting  information 
aggregation  and  customization  task  is  not 
possible with existing approaches. 
  In this paper we present an infrastructure 
for  context-aware  information  retrieval  to 
enhance  situation  awareness.  The 
infrastructure  provides  each  user  with  a 
customized, mission-oriented system that gives 
access  to  the  right  information  from 
heterogeneous  sources  in  the  context  of  a 
particular  task,  plan  and/or  mission.  The 
approach lays on five intertwined fundamental 
concepts,  namely  Workflow,  Context, 
Ontology,  Profile  and  Information 
Aggregation.  The  exploitation  of  this 
knowledge,  using  appropriate  domain 
ontologies,  will  make  it  feasible  to  provide 
contextual  assistance  in  various  ways  to  the 
work  performed  according  to  a  user’s  task-
relevant information requirements. This paper 
formalizes  these  concepts  and  their 
interrelationships. 
 
INTRODUCTION 
Situation Awareness (SA) may be defined as: 
 
“The perception of the elements in the 
environment within a volume of time and 
space, the comprehension of their meaning 
and the projection of their status in the near 
future.” (Endsley, 1988) 
 
Situation  awareness  is  recognized  as  a 
critical  enabler  for operational  effectiveness 
in a wide variety of military contexts and is a 
central  element  of  contemporary  system 
design approaches (Endsley et al, 2003). For 
military  operators,  the  awareness  of  the 
temporal unfolding  of events  in a  situation, 
together  with  their  understanding  of  the 
implications of those events for both ongoing 
activities and future plans, is clearly a critical 
element in the effectiveness and adaptability 
of a military force, but the attempt to yield 
enhanced  situation  awareness,  especially  in 
coalition contexts, is complicated by a variety 
of challenges. Firstly, military operators must 
deal  with  the  inherent  heterogeneity  and 
distributed  nature  of  information  content. 
Information  may  be  contained  in  multiple 
formats (e.g. images, video, unstructured text, 
XML)  and  will  often  be  distributed  across 
multiple data repositories or nodes within an 
information  network.  Situation  awareness 
ultimately depends on an ability to deal with 
this  heterogeneity  -  to  aggregate,  integrate 
and process task-relevant information in ways 
that  support  decision-making  in  an 
operationally-effective  manner.  A  second 
challenge  in  the  effort  to  enhance  situation 
awareness  concerns  the  task-variant 
information needs and requirements of those 
engaged  in  problem-solving  activities  (e.g. 
individual human agents or hybrid teams).  
The battlefield network currently consists 
of  many  information  sources,  including  in-
theatre sensors, platforms, intelligence reports 
and  remote  information  such  as  archival   2 of 6
intelligence  and  satellite  data.  In  future 
coalition  contexts,  strategies  for 
operationally-effective modes of information 
exchange and exploitation will need to target 
a  wider  variety  of  disparate  information 
repositories  and  communication  systems, 
including  digital  datalinks,  military 
information  repositories,  and  the  totality  of 
the  information  space  available  via  both 
internet-enabled  and  peer-to-peer  computing 
environments.  The  exploitation  of  this 
‘Infosphere’  will  require  an  ability  to 
integrate  information  from  multiple  sources 
and  to  process  information  in  ways  that 
respect  the  original  semantics  of  the 
information  content.  Inter-operability 
solutions, in this sense, are not just about the 
physical  exchange  of  information;  they  also 
relate to the meaning assigned to information 
items and the interpretive biases possessed by 
coalition partners. The point is that once we 
encounter  distributed  network  environments 
that  subtend  a  wide  variety  of  information 
systems, sources and user communities (as is 
often the case in coalition contexts), we face a 
critical  challenge  in  terms  of  our  ability  to 
integrate  and  share  information  in  a 
semantically-sensible manner.  
  
APPROACH 
    The  information  sources  relevant  to 
coalition  operations  are,  in  many  case, 
created  without  the  linkages  that  support 
rapid  information  retrieval  and  decision-
making. However, in order to provide a more 
efficient and effective working environment, 
aggregated  and  personalized  information 
from those systems is highly desired and is a 
prerequisite for Network Centric Operations. 
Military  data  systems  are  heterogeneous  on 
many  aspects,  including:  hardware  and 
software  platforms,  process  &  information 
models, information access languages, query 
processing  capabilities,  etc.  A  generic 
approach needs to be established to manage 
all involved metadata and process models as 
well as mapping semantic knowledge among 
different  pieces  of  information  and  its 
consumers.  More  importantly,  process 
models,  information  consumers,  and 
information  resources  along  with  their 
capabilities  may  change  dynamically  over 
time.  Failure  to  make  adaptive  adjustments 
on  information  aggregation,  in  response  to 
changes, may result in performance shortfalls 
in operational missions. 
Our approach is to leverage knowledge about 
user  preferences,  information  domains, 
workflow  and  context-aware  information 
retrieval  from  heterogeneous  data  sources. 
Specifically, in order to manage the scope of 
the  vast  possibilities  inherent  in  context 
representation  and  to  focus  this  effort  on  a 
useful  demonstration  of  context-influenced 
information  integration,  we  propose  to 
demonstrate  a  framework  for  context-aware 
information retrieval that avails itself of user 
profiles,  process  workflows,  source 
availability  monitoring,  and  real-time 
semantic integration. Semantic integration is 
generally recognized as an important element 
of  enhanced  situation  awareness  in  military 
problem-solving cotexts (Smart & Shadbolt, 
2007; Smart et al, 2007) and, as part of our 
approach, we  are developing techniques for 
semantic integration [2] and aggregation over 
multiple heterogeneous  information sources. 
We  have  also  developed  a  novel  semantic 
query mechanism that can be used to increase 
the  relevance  of  query  results  and  reduce 
information overload.  
    The  context-aware  information  retrieval 
framework  is  based  on  five  intertwined 
fundamental concepts, namely: 
•  Workflow,  
•  Context, 
•  Profile,  
•  Ontology and  
•  Information  Integration  & 
Aggregation.  
Our approach provides a contextual, user 
centric,  and  mission-oriented  knowledge 
portal where each individual can access the 
right  information  in  the  context  of  their 
particular workflow. The ultimate aim of our 
approach is to provide a system that allows 
arbitrary  navigation  and  semantic 
connections  on  any  sources  and  products. 
Such  a  system  must  also  take  into  account 
user individual interests and group constraints 
within a dynamic and evolving task context, 
and  must  allow  collaborative  work.  In 
addition, it must include a variety of services, 
such  as  contextual  search,  task-oriented 
toolset,  briefing  production,  configuration 
and security.  
 
The Workflow Service Layer: A process 
model  provides  a  comprehensive  picture 
about the position of both a user and a piece 
of  information  within  a  larger  task-oriented 
context.  It  may  specify  exactly  how  and 
where aggregated information is going to be 
used.  For  example,  a  process  model  may   3 of 6
indicate  that  the  aggregated  information  is 
going  to  be  shared  among  other  users,  in 
which  case  it  links  different  user  profiles 
together for better personalization purposes. 
 
 
Figure 1.  Major components of the context 
aware information retrieval framework. 
 
The Context Service Layer: The notion 
of context awareness in information retrieval 
has received a great deal of attention recently. 
Research  at  Boeing’s  Mathematics  and 
Computing  Technology  group has  begun  to 
show tangible progress in this area. We have 
developed approaches to representing aspects 
of  the  users’  individual  preferences, 
workflow, and information environment that 
can  be  leveraged  in  order  to  provide  real 
assistance in the access, retrieval, integration 
and  aggregation  of  information  from 
heterogeneous  sources  (Yuan,  Bahrami 
2006).  As  an  extension  to  this  work,  we 
propose  to  further  augment  the 
implementation of semantic queries over an 
ontology-mediated  information  integration 
service. 
The  Profile  Service  Layer:  A  user 
profile is an ontology fragment that describes 
the  user’s  characteristics  in  regards  to 
information  consumption.  Some  of  the 
characteristics are relatively static, such as a 
user’s  interests,  skills,  preferences,  and 
security  classification;  but  many  others  are 
highly  dynamic  (e.g.  available  devices, 
network  bandwidth,  current  locations,  etc.), 
and  change  significantly  depending  on  the 
situation. Our idea here is that the user profile 
is used to adjust the information aggregation 
request  such  that  aggregated  information 
content reflects a user’s specific capabilities, 
authorities and responsibilities.  
 
The  Domain  Ontology  Service  Layer:  An 
ontology  provides  a  semantically-enriched 
representation of some aspect of a domain of 
interest.  Ontologies provide a mechanism for 
denoting the meaning of  information content 
and they provide a substrate for semantically-
mediated capabilities such as semantic queries 
and semantic integration.  Domain ontologies 
are  often  used  in  conjunction  with  upper 
ontologies  which  define  specific  abstract 
concepts and can often be used to provide a 
useful common set of semantics for multiple 
lower-level or domain-specific ontologies. 
Ontologies  are  an  important  element  of 
context-aware  information  retrieval  because 
they  support  information  integration  from 
semantically  heterogeneous  and  physically-
disparate  information  repositories  (Smart  & 
Shadbolt,  2007).  Our  approach  to  semantic 
integration  is  grounded  in  the  user  of 
semantic  integration  techniques,  particularly 
ontology  alignment  solutions..  Ontology 
alignment  is  a  key  element  of  semantic 
integration  [4],  and  its  aim  is  to  establish 
mappings  between  the  elements  of  multiple 
(ostensibly disparate) domain ontologies as a 
means of identifying semantically-equivalent 
(or  similar)  sub-components.  Once 
established,  these  mappings  can  be  used  to 
drive information aggregation and integration 
activities  (as  might  be  required  for  goal-
relevant  information  processing  [5],  for 
example),  but  most  of  all  we  see  such 
mappings as providing a mechanism for the 
ontology-based  mediation  of  inter-agent 
information transfer between conceptually or 
linguistically disparate communities. 
In  fact,  ontology  alignment  constitutes 
only  one  aspect  of  semantic  integration. 
Various  forms  of  semantic  integration  have 
been  proposed  in  addition  to  ontology 
mapping
1  (see  Figure  2).  These  include 
ontology  merging  (the  creation  of  a  single 
coherent  ontology  from  two  or  more  sub-
ontologies  or  ontology  fragments), 
articulation (the creation of logical rules that 
express correspondences between some of the 
terms  in  the  source  ontologies)  and 
transformation (the creation of transformation 
functions  to  transform  one  ontology  into 
another).  
                                                 
1 Ontology mapping is also referred to as ontology 
alignment. 
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Figure 2: Semantic Integration Techniques. 
 
 Information Integration & Aggregation 
(IIA) Service Layer 
The  proposed  framework  requires  input 
from multiple information sources, in which 
there  may  be  a  combination  of  structured, 
semi-structured, and unstructured data. These 
information  resources  are  inherently 
heterogeneous and extremely large. Existing 
technologies such as data warehousing have 
provided solutions to some extent. However, 
because of the issues such as: the sheer scale 
and  volume  of  data,  the  extremely  large 
number of participating systems, the variety 
of  data  sources  and  formats,  and  more 
importantly  lack  of  necessary  semantic 
understandability,  existing  approaches  are 
costly  and  inefficient  particularly  when  it 
comes to maintaining data consistency. 
The  nature  of  any  complex  system 
infrastructure requires those who operate and 
support those systems to have the ability to 
interoperate.  Because  these  systems  usually 
need  to  have  ready  access  to  multiple, 
disparate  information  resources,  such 
interoperability  can  be  achieved  principally 
through information integration, as contrasted 
with system integration. The disparate nature 
of  these  information  sources  poses  unique 
challenges  and  barriers  having  to  do  with 
access,  accuracy,  semantic  understanding, 
completeness,  and  correlation  of 
heterogeneous  information  and  therefore 
successful  information  integration  efforts 
depend  critically  on  elimination  of  those 
barriers.  The Boeing-developed  approach  to 
information Integration & Aggregation (IIA) 
can be configured to create a single, unified, 
coherent, and semantically-informed view of 
selected  intelligence  information.  The 
semantics  of  information  content  are 
explicitly represented by domain ontologies, 
and it is against these ontologies that queries 
can be issued to retrieve an integrated set of 
data in a coherent form. A system metadata 
repository is created containing logical design 
information  for  the  targeted  systems  and 
mappings between the domain ontology and 
the logical models. This approach is known 
as  a  mediated  approach  to  information 
integration.  The  domain  ontology  not  only 
serves as the conceptual representation of the 
information  domain,  but  it  is  also  used  to 
resolve the heterogeneity of the concepts in 
related data systems.  Other  metadata serves 
to encapsulate each member data system by 
providing  a  logical  representation  of  the 
system’s content – these logical elements are 
mapped to concepts in the ontological model 
and  together  “mediate”  the  system 
information requests.  
The IIA run time system is implemented 
as  a  Web Service so as  to  fit into an open 
Service-Oriented Architecture (SOA). It uses 
the standard SOAP communication protocol 
to implement a distributed interface, as well 
as WSDL to expose its capabilities to outside 
callers for remote invocation. This allows the 
information  service  to  be  used  and  re-used 
without regard to implementation details by 
client applications. Client queries and query 
returns  are  implemented  using  XML 
standards,  for  instance  the  W3C  XQuery 
specification.  The  IIA  run  time  system  can 
also  incorporate  a  “publish  and  subscribe” 
proxy which further decouples the IIA  from 
client applications. 
IIA has been implemented using a variety 
of  Commercial  Off-The-Shelf  (COTS) 
technologies  as  well  as  technology 
components  developed  within  Boeing.  The 
IIA  architecture  employs  commercial 
technologies  where  possible  to  leverage 
industry development efforts while mitigating 
the risk of commercial supplier volatility. IIA 
specifically  uses  two  COTS  products  in  its 
runtime  architecture.  The  ontology 
management  system  is  based  on  the 
Interactive  Ontology  Development 
Environment  from  Ontology  Works.  It 
provides  for  ontology  representation  and 
management as well as deductive reasoning 
capabilities.  The  IIA  distributed  query 
execution  engine  is  based  on  IBM 
WebSphere  Information  Integrator,  and  it 
provides  a  system-internal  data-level 
operational  interface  to  IIA  member  data 
sources.  This  is  invoked  to  perform  query 
decomposition,  dispatching,  and  efficient   5 of 6
inter-database joins.  
Heterogeneity  can  take  many  forms  – 
when  discussing  mediated  approaches.  IIA 
successfully  provides  sort  of  “semantic 
independency” in classifying different types 
of  heterogeneity  into  two  major  categories, 
i.e. semantic heterogeneity and non-semantic 
heterogeneity.  We  generally  think  of 
semantic heterogeneity as having to do with 
the meaning of the terms and concepts, and 
non-semantic heterogeneity as related to the 
platform,  network,  data  model,  and  query 
mechanisms. With the separation of semantic 
and non-semantic heterogeneity, IIA is able 
to use a COTS-federated query engine to deal 
with  non-semantic  heterogeneity  by 
providing a single unified query interface for 
different data  systems.  IIA  components  can 
then utilize the ontology and federated query 
engine  components  to  provide  the  semantic 
mediation  capability.  Software  adapters 
encapsulate the COTS components to shield 
internal  subsystems  from  changes  in  the 
COTS  implementations,  providing  loose 
coupling and allowing for greater flexibility. 
 
IMPLEMENTATION AND FUTURE 
WORK 
Currently,  we  are  implementing  a  web-
based  prototype  system  that  contains  a  few 
major  components  of  this  infrastructure, 
including  workflow  management,  profile 
management, ontology management and query 
management. The prototype provides a unified 
web portal for both information producer and 
consumer to interact with the system. We’ve 
also  extended our  previous  work  reported  in 
[2] by utilizing an innovative query rewriting 
technique to improve the dynamic adaptation 
of query processing. We also plan to do more 
experiments  in  the  near  future  against 
available  data  sources  to  further  test  the 
performance  and  the  scalability  of  the 
prototype system. 
 
SUMMARY 
  The main objective of our approach is to 
develop  a  mechanism  to  enable  context-
influenced  information  retrieval  from 
heterogeneous data sources. The approach lays 
on  five  intertwined  fundamental  concepts, 
namely Workflow, Context, Ontology, Profile 
and Information Aggregation. The exploitation 
of these five concepts will make it possible to 
provide contextual assistance in various ways 
to  the  work  performed  according  to  user’s 
preferences and workflow. We have developed 
an  initial  algorithm  to  transform  user 
workflow,  profile,  ontology  and  other 
contextual  information  into  semantic  queries 
to increase the relevance of query results and 
reduce  analysts’  information  overload  and 
overall workload [2].  
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